1 which is due to strong bands for hydrogen bonded N-H stretching vibration. The band at 2923 and 2850 cm -1 are seen for the C-H stretching vibrations.
The NCO peak at 2270 cm -1 disappears, due to the reaction of the diisocyanate and EDA. 1 Presence of two carbonyl stretching bands at 1545 cm -1 for a hydrogen bonded urea carbonyl and carbonyl absorption band at 1650 cm -1 for a free urea are observed.
These characteristic peaks show that the polyurea microcapsules were form successfully. Due to very reactive nature, aromatic toluene diisocyanate (TDI) could produce much more hydrogen-bonded N-H groups than could the other aliphatic diisocyanate. This is proven by the high intensity of the peak at 3306 cm -1 for the TDI than for methylene diisocyanate (MDI). Other aliphatic diisocyanate shows the similar results as MDI. Pd-CuEnCat shows the similar results as shown by other polyurea encapsulated catalysts.
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Figure S1
. FTIR of polyurea encapsulated palladium catalyst, (A) PdEnCat, (B) PdCuEnCat 1.2. X-ray diffraction study. In general polymeric material exhibits amorphous nature. XRD was used to determine crystallographic structure of synthesized polyurea encapsulated catalysts. Figure 2 for Pd-CuEnCat shows the presence of diffraction peak at low angle region (2θ= 14º-30º) indicate that long-chain carbon was formed and also indicate the polyurea has a long-range ordering.
Polyurea catalyst has a semi-crystalline structure, which indicates from the XRD pattern. It is postulated that polymer molecules do not get sufficient time to arrange themselves in an ordered lattice when they form and precipitate out at high rates. 2 Therefore the high rate of polymerization will give less crystalline structure than that formed with a lower rate of polymerization. However, by varying the conditions employed in their preparation, it is possible to alter the structure of these polymer films. Polyurea encapsulated palladium infused ruthenium (Pd-RuEnCat) shows amorphous structure. Due to the infusion of ruthenium in the polyurea matrix leads to distort the matrix and thus does not form ordered structure of the polymer. XRD can simply estimate the average size of metal crystallites. 3, 4 However, In the case of a catalyst having very small metal particles (<2 nm) and contains less than 0.5 wt% metal loading, it will be very biased to determine these quantity due to the small intensity of the diffraction band. 3, 4 In such cases transmission electron microscopy (TEM) could be determined small metal crystallites and/or low metal content, the size of metal particles more precisely. In current case particle size and metal loading is comparatively higher, therefore characterization of Pd-CuEnCat was done by using XRD. and a mixture of EDA/DETA. 1 In case of polyurea catalyst encapsulated by the aliphatic diisocyanate shows a reasonably smooth and macroglobulins like structure. 1, 6 Due to the difference of diisocyanate reactivity induced by the chemical structure can bring various membrane morphologies. The membrane morphology is very important to determine the permeability, crystallinity, and thickness of the resultant microcapsules. It is observed that Pd-RuEnCat (Figure3(B) ) and Pd-CuEnCat (Figure 3(C) ) are relatively porous than PdEnCat (Figure 3(A) ). This is because of the addition of the second metal which infused in the polyurea coating making it spongier. Table 1 depicted the results of the surface elemental analysis (EDXS) of polyurea encapsulated catalysts. Polyurea encapsulation shows C, O, N and respective metals. CuEnCat, which indicate that bimetallic catalysts are very spongy and porous than monometallic catalysts. Further, due to better dispersion and sponginess, more metals or active sites are available for hydrogenation in Pd-CuEnCat than PdEnCat. The surface area of the catalyst was comparatively higher than the other polyurea encapsulated catalysts (0.07 m 2 /g). 30 The higher surface area could be due to the rough surface of micro-capsule which was synthesized by the reactive TDI and aliphatic amines.
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